A model for surface modification of mineral filler in asphalt mixes using nanoparticles which control sorption ability of light fractions of bitumen represented in this research. Colloidal solutions of iron hydroxide (III) and silicic acid sols with 30-40 nm particles size were used as an active functional layer for surface modification of mineral filler. In this study were determined an effective boundary values for nanomodified filler based on morphological characteristics of asphalt surface. It was demonstrated, that the development of an effective nanomodified filler required using a high porosity mineral component, modified with nanolayer (less than 100 nm) of an active component.
Introduction
Asphalt concrete is the most common material used for the construction of highways. The quality of the pavement road surface and its durability is determined by the ability of asphalt concrete to resist weather and climate factors and dynamic mechanical loads of road transport during the entire operational cycle. The interaction intensity of the asphaltconcrete mixture components and the phase formed as a result of this process determine the durability of the material. The parameters of the asphalt-concrete structure are influenced by the distribution of bitumen along the surface of mineral components, the packing density of the mineral aggregate, the adhesion force of bitumen with the surface of mineral material grains as well as by the properties of the primary components. It is obvious that the quality of asphalt concrete is largely determined by the state and properties of the binder in pellicles that are formed on the surface of grains of mineral components [1…3] .
The nature of the interaction of bitumen and the surface of the mineral powder particles has a particular importance, since its surface area is more than 90% of the total surface area of the particles of asphalt concrete mineral components. The ability of the material structure to resist external factors depends on the activity of the interaction at the "bitumen-porous filler" interphase [4...7] , since the bitumen is structured on the surface of the mineral component, the intensity of which is determined by the surface area of contact and the adsorption capacity of the mineral component, especially mineral filler. 196, 04052 (2018) https://doi.org/10.1051/matecconf/201819604052
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Thus, to obtain the initial structure of asphalt concrete with the desired properties, it is necessary to develop management methods of sorption processes on the phase boundary "bitumen -filler".
Common practice to control the interaction processes between mineral filler is the surface activation of its grains of various kinds by modifying agents [8, 9] . Filler surface activation with the filler joint grinding technology application with the organic compounds allows obtaining the material, providing the value decrease of the asphalt binder properties [8...12] . However, the effectiveness of the use of these fillers is accompanied by the complication of the production technology and increase the cost of the final product.
These facts emphasize the work on the development of methods to control the sorption processes on the phase boundary "bitumen -filler".
Theoretical part
In accordance with micellar theory, bitumen is represented by a colloid system in which asphaltenes surrounded by a shell of resins are a dispersed phase, and oil fractions are a dispersion medium [13…15] . In such a system, an inert oil membrane blocks the most chemically active functional groups that form part of asphaltene-resins structures [16…21] .
When bitumen is combined with a mineral material having a porous structure, a redistribution of the bitumen group composition occurs, as a result of which light fractions enter the intrapore area of particles during the diffusion process, and asphaltene-resinous structures concentrate on the grain surface, which leads to the formation of strong bituminous films. These processes are described by the Poiseuille' law for a cylindrical capillary [20] :
where 2σ•cos(θ)/R c -capillary pressure, according to Laplace's law, Pa; σ -capillary tension of bitumen light fractions, N/m; R c -capillary radius, m; P 0 = 101325 Paatmosphere pressure (760 mm Hg.) [21] . The geometric data of the capillary depend on the parameters of the pores space of the mineral component particle and its geometric data. Pores volume (of capillaries) can be presented as 6
(where ε -volume fraction of pores; d f -diameter of the mineral particle grain (carrier); N c -number of capillaries; R c , L c -radius and length of capillary).
the number of capillaries will be:
To find the boundary values of the diameter of mineral component particles, we introduce the coefficient (modulus of the open surface):
modulus of surface will be:
As ε = ε max the maximum value of the open surface modulus is:
then:
It follows that, when using dense mineral components, a significant grinding is necessary for their application in asphalt concrete technology.
Reducing the geometric data of the capillaries naturally increases the value of Q. Such a change in Q can be realized practically by arranging a porous membrane with capillary characteristics l c and r c on the surface of the mineral particle.
In this case, a material is formed that consists of two parts: an active component that regulates the sorption process of light bitumen fractions and a mineral component that is the carrier of the active component ( Figure 1 ). 
MINERAL CARRIER
PORES OF MINERAL CARRIER MEMBRANE ADSORPTION
where φ -packing density of capillaries with a diameter r к on the surface. 
When introducing the coefficients
the formula takes the form:
We establish the boundary values R c , r c , L c , l c of the modifier. The value of R c is determined from the equation:
At σ = 0.0375 N/m, P 0 = 101325 Pa R c,max = 740 nm. r c,max will be defined from the equation:
Calculated results of r c,max are illustrated in Figure 2 . The thickness of the active layer on the surface of the mineral carrier l c is measured under the assumptions: Result analysis shows that in order to achieve a given efficiency of the filler on the mineral material basis with less porosity, surface activation requires due to more fine grinding and a thinner layer of active component applying. For porous filler, active component has a smaller effect on the sorption process, so its thickness can be increased. This allows organizing the production of such a modifier using less energy-consuming technologies.
Results and discussion
In accordance with the presented model, filler from diatomite with the functional layer on the surface was produced, in which capacity the nanoscale modifier on ferric hydroxide sol (III) and silicic acid basis [22, 23] was used.
The technology of nanomodified filler preparation includes the following processes:
• mineral component preparation (drying and milling);
• mixing of the mineral component with the active component in the mixer;
• heat treatment;
• grinding of heat treatment product. The active component effect on the carrier surface was assessed by the bitumen-mineral binder property change with application of BND 60/90 bitumen of JSC Moscow Oil Refinery's production, which conforms to GOST 22245-90 "Construction bitumen. Specifications" requirements and volumetric filling degree of 0.2: depth of needle penetration at 0 and 25 °C, softening temperature, brittleness temperature, and stability properties after aging (Table 1) . https://doi.org/10.1051/matecconf/201819604052 The assessment of the surface modification complex effect on the properties that characterize the material quality was conducted with the use of multi-objective optimization methods [24, 25] . The effectiveness of nanomodifier was assessed by its effect on the structural strength of the bitumen-mineral binder. The ability of bitumen binder to resist mechanical load is assessed by penetration value both at positive temperatures and at 0 °C, and the temperature factor -at brittleness and softening temperature. It is important to consider the direction property change and requirements to the values, formulated on the practical experience basis. For example, it has been established that it is necessary to increase the operation temperature range by increasing the absolute values of brittleness and softening temperature. It is also important that the values of these properties were also more than target values. It is also necessary to ensure the stability of property values after ageing. Based on the above, the following specific criteria were developed, for which the specifications of bitumen, as the reference, were accepted on the diatomite basis without the active layer on the grain surface.
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The criterion, characterizing the depth of needle penetration (penetration) at 25 °C and 0 °C before and after the modified binder samples aging by nanomodifier, is equal to:
(25) P , P -depth of needle penetration at 25 °C and 0 ° C, accordingly, before the aging;
(25) P , P   -depth of needle penetration at 25 °C and 0 °C, accordingly, after the aging;
-depth of needle penetration into the check sample at 25 and 0 o C, accordingly, before the aging;
-depth of needle penetration into the check sample at 25 and 0 o C, accordingly, after the aging. The temperature criterion, taking into accounts the change of brittleness and softening temperatures before and after modifier binder samples aging, will be equal to:
where
and brittleness temperatures of binder samples, modified by nanomodifiers, before and after aging, accordingly;
-softening and brittleness temperatures of blended check samples before and after aging, accordingly.
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An integrated assessment of the nanomodifier effect was conducted by the generalized criterion:
properties of the material. (Table 2) show that efficiency increasing of the porous mineral filler is possible through the use of surface nanomodifier on the ferric hydroxide sol (III) and silicic acid basis.
To confirm that the effect of the surface nanomodification is a consequence of sorption processes and not chemical processes on the interphase boundary "bitumen -filler", the pore restructuring of diatomite after nanomodifier treatment was investigated. Using the nitrogen porosimetry DFT method, it has been established that the average diameter of the pores with sizes less than 20 nm after the treatment does not change significantly and is as follows 3.6 nm (kR = 1), and their overall volume increases by 30...40 %.
The obtained data correlate with the previously obtained results in other works. Adjustable porosity facilitates the diffusion of bitumen light fractions inside the grains of mineral material with their further desorption [25...30] . The presence of ferriferous materials on the surface of the mineral filler grains increases binder aging resistance [31] .
To establish the nature of the interaction between bitumen and filler, the research using IR spectroscopy was conducted.
Comparison of the IR spectra shows that the new maximum emergence is not observed, and there are no significant differences in the major maximum location. This suggests that in interaction of bitumen with nanomodified filler there are processes, driven by the physical adsorption, which leads to the redistribution of the bitumen components.
Conclusion
1. An effective model of adsorption processes management of the interaction between bitumen and mineral powder was developed, which allows determining the component geometrical characteristics of: carrier and active functional layer as a membrane.
2. Bitumen concrete cross-linking management is possible through the redistribution of bitumen light fractions due to their physical adsorption by the mineral filler, which contains nanolayer of physically active component.
3. Based on the physical principles mineral admixture on the basis of diatomite and nanoscale surface modifier was produced that provides the increasing of endurance period to 37 %.
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